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[0001] This application claims the benefit of the Korean Application No. P2002-
74818 filed on November 28, 2002, which is hereby incorporated by reference for all
purposes as if fully set forth herein. This application incorporates by reference two co-
pending applications, serial number 10/1 84,096, filed on June 28, 2002, entitled
“SYSTEM AND METHOD FOR MANUFACTURING LIQUID CRYSTAL DISPLAY
DEVICES” (Attorney Docket Number 873’3.666.00) and serial number 10/ 1'84,088, filed
on June 28, 2002, entitled “‘SYSTEM FOR FABRICATING LIQUID CRYSTAL
DISPLAY AND METHOD OF FABRICATING LIQUID CRYSTAL DISPLAY USING

THE SAME” (Attorney Docket Number 8733.684.00), as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a liquid crystal display (LCD) device, and
more particularly, to a method for forming seal patterns in an LCD device while

improving a device yield. -

- Discussion of the Related Art

[0003] With the expansion of the information society, a need has arisen for
displays capable of producing hi gh quality images in thin, lightweight packages and that
consume little power. To meet such needs, research has produced a vaﬁety of flat panel
display devices, including liquid crystal displays (LCb),'pIasma displays (PDP), electro
luminescent displays (ELD), and vacuum fluorescent displays (VFD). Some of these

display technologies have already been applied in information displays.
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[0004] Of the various types of flat panel display devices, LCD are very widely
used. In fact, in portable devices, such as notebook PC computers, LCD technology has
already replaced cathode ray tubes (CRT) as the display of choice. Moreover, even in
desktop PCs and TV monitors, LCDs devices are becoming more common.

[0005} Despite various technical developments in LCD technology, however,

res€arch in enhancing picture quality of LCD devices has been lacking compared to

research in other features and advantages of LCD devices. Therefore, to increase the use
of LCD devices as displays in various fields of application, LCD devices capable of
expressing high quality images (e.g., images having a high resolution and a high
luminance) with large-sized screens, while still maintaining a light weight, minimal .
dimensions, and low power consumption must be developed.

[0006] LCDs generally include an LCD panel for displaying an image and a
driving part for providing driving sighals to the liquid crystal display panel.

[0007] Typically, LCD panels include first and second glass substrates bonded to
each other while being spaced apart by a cell gap, wherein a layer of liquid crystal
material is injected into the cell gap.

[0008] The first glass substrate (i.e., thin film transistor (TFT) array substrate),
supports a plurality of gate lines spaced apart from each other at a fixed interval and
extending along a first direction; a pluraljty of data lines spaced apart from each other at a
fixed interval and extending along a second direction, substantially perpendicular to the

first direction, wherein pixel regions are defined by crossings of the gate and data lines; a

" plurality of pixel electrodes arranged in a matrix pattern within respective ones of the .

pixel regions; and a plurality of thin film transistors (TFTs) capable of transmitting signal
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from the data lines to corresponding ones of the pixel electrodes in response to a signal
applied to respective ones of the gate lines.

[0009] The second glass substrate (i.€., color filter substrate) supports a black
matrix layer for preventing light lea)kage in areas outside the pixel regions; a color filter
layer (R, G, B) for selectively transmitting light having predetermined wavelengths; and a
common electrode for displaying a picture. Common electrodes of In-Plane Switching
(IPS) mode LCD devices, however, are formed on the first substrate.

[0010] Uﬁiformity of the cell gap is maintained by spacers arranged between the
first and second glass substrates, which are bonded together by a seal pattern. The seal
pattern includes a liquid crystal injection inlet allowing quﬁid crystal matenial to be
injected into the cell gap. Upon injecting liqliid crystal material into the cell gap via the
liquid crystal injection inlet, the layer of liquid crystal material is thus formed.

[0011] The layer of liquid cfystal material is driven (e.g., light transmittance..
characteristics of the layer of liquid crystal material are controlled‘) aCco-rding to electric
fields generated between the first and second substrates by the pixel electrode and the
common electrode. By controlling the light transmitfance characteristics of the layer of
liquid crystal material, pictures may be displayed. y

[0012] To form the aforementioned layer of liquid crystal material, related art
m\anufacturing methods incorporate a liquid crystal injection method wherein a pressure
difference is created between the cell gap and a vacuum chamber and liquid crystal
material is injected into the liquid crystal injection inlet via a capillary phenomenon. A
method for manufacturing the related art LCD device incorporating the liquid crystal

injection method will now be described.
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[0013] The first substrate (i.e., a TFT array substrate), supporting the TFTs and
pixel electrodes, and the second substrate (1.€., the color filter substrate), supporting the
black matrix layer, color filter layer, and common electrode, are provided. Next, spacers
are dispersed on the TFT array substrate to maintain a uniform cell gap between the two
substrates. A seal pattern is thén formed at a periphery of the other of fhe two substrates
to prevent liquid cr;lstal material from leaking and to bond the two substrates together.
The séal pattern is typically formed of a thermo-hardening material such as an epoxy
including a mixture of an epoxy resin and an initiator. Next, a heat treatment is -

performed to bond the TFT array and color filter substrates to each other. When

“performing the heat treatment, the epoxy resin within the epoxy seal pattern is activated

by the initiator and becomes a highly cross-linked polymer. As a result, the epoxy seal
pattern functions as the seal pattern having suitable adhesion characteristics.

[0014] Subsequently, the bonded substrates are placed in a vacuurﬁ chamber,
wherein the cell gap between the bonded substrates is maintained in a vacuum state, and
dipped into a reservoir of liquid crystal material. Since a vacuum is maintained within the
cell gap, liquid crystal material is inj ected into the cell gap by a capillary phenomenoﬁ.
After a predetermined amount of liquid crystal material has been injected into the cell gap,
nitrogen gas (N) is pumped into the vacuum chamber, so that liquid crystal material is
injected into regions of the cell g.’:ip not previously injected into, according to 'the pfessure
difference between the 1cell gap and the pressure within the vacuum chamber having the
pumped nitrogen gas (N;). As a result, the layer of liquid crystal material is formed
between the bonded TFT array and color filter substrates.

[0015] Figure 1 illustrates a plan view illustrating a related art LCD device.
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[0016) Referring to Figure 1, the first substréte (i.e., the TFT array substrate)
supports a plurality of gate lines 11 spaced apart from each other at a fixed interval and
extending along a first direction and a plurality of data lines 12 spaced apart from each
other at a fixed interval and extending along a second direction, substantially
perpendicular to the first direction. Pixel regions P are defined by crossings of the gate
and data lines 11 and 12, respectively. A plurality of pixel electrodes 16 are arranged in a
matrix pattern within respective ones of the pixel regions P, and thin film transistors are
formed at crossings of the plurality of gate and data lines 11 and 12, respectively. In
response to signals applied from the gate lines 11, the thin film transistors transmit signais
applied from the data lines 12 to respective ones of the pixel electrodes 16.

[0017] Each the thin film transistor includes a gate electrode 13 protruding from a
corresponding géte line 11, a gate insulating layer (not shoWn) formed over an entire
surface of the first substrate 10, a semiconductor layer 15 formed on the gate insulating
layerin a regionv above the gate electrode 13, a source electrode 15a protruding from a
corresponding data line 12, and a drain electrode 15b formed opposite the source
electrode 15a by a predetermined distance and electrically connected to the pixel electrode
16 through a contact hole 17.

[0018] The second substrate (i.e., the color filter substrate; not shown) supports a
black matrix layer having openings in regions corresponding to the pixel regions P of the
first substrate 10 and prevents light leakage; an R/G/B color filter layer for selectively
transmitting light having predetermined wavelengths; and a common electrode for driving

the layer of liquid crystal material with the pixel electrodes 16.
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[0019] The first substrate 10 is bonded to the second substrate (1.€., the color filter

~substrate), wherein the two substrates are spaced apart from each other by a

predetermined distance, uniformly maintained by spacers. The first and second substrates
are bonded to each other using a seal pattern having a liquid Crystal injection inlet. Upon
injecting liquid crystal material into the cell gap via the liquid crystal injection inlet, the
layer of liquid crystal material is thus formed.

[0020] Figure 2A illustrates a method of forming a seal pattern accordingto a
screen printing method.

[0021) Referring to Figure 2A, a screen printing apparatus includes a one pjece
screen mask 32 having an opening 31 for selectively exposing a seal patterﬁ region and a
squeegee 33 for forming the seal pattern on the first substrate 10 by selectively providing
sealant material to the first sﬁbstrate 10 via the screen mask 32. After arranging the one
piece screen mask 32 on the first substrate 10, sealant material is disposed and the seal
pattern is formed on the first substrate 10 in regions corresponding to the opening 31 by
rolling a squeegee 33 over the first substrate 10 along the arrow direction in the drawing.
Next, solvent within the seal pattern is evaporated in a drying process for leveling,.
Further, the seal pattern includes a liquid crystal injection inlet at one side thereof and is
arranged at a periphery of a picture display region to prevent liquid crystal from leaking.

[0022] The aforementioned related art screen printing method is a relatively
simple process to perform. However, use of the aforementioned related art screen printing
method is problematic because the amount of sealant material used can be excessive.
More specifically, while sealant material is disposed over the entire surface of the screen

mask 32, only a small portion of the disposed sealant material is actually incorporated into
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the seal pattern by the squeegee 33. Further, the screen mask 32 contacts the first
substrate 10. Such contact generates defects within an alignment layer (not shown)
formed on the first substrate 10 because the screen mask 32 damages the alignment layer.
Accordingly, a picture quality of the related art LCD device becomes deteriorated.

[0023] Further, when seal patterns are formed according to the aforementioned
related art screen printing method, the size of a one piece screen mask is often limited to a
predetermined, maximum size. Therefore, it becomes difficult to effectively use
remaining portions of large-sized base substrates (i.e., portions of substrate within which
LCD panels are nof formed), and the cost of manufacturing LCD panels grows
excessively. Further, the size of the related art one piece screen mask must be incfeased
in accordance with the size of the LCD panel. As the size of LCD panels increaSes, the
size of the related art one piece screen masks also increase, thereby making the related art
one piece screen mask difficult to maintain and handle.

[0024] In order to solve the problems arising from use of the aforementioned-
related art screen pn'nting method, a seal dispensing method has been proposed.

[0025] Figure 2B illustrates a method of forming a seal pattern according to a
dispensing method. |

[0026] Referring to Figure 2B, the first substrate 10 (i.e., the TFT array substrate)
is loaded onto a stage (not shown) capable of moving in many directions. Next, sealant
material 7 is selectively dispensed along the periphery of the first substrate 10 via a
syringe apparatus 34. Though not shown in Figure 2B (or 2A), the seal pattern 7 typically
includes a main seal pattern and a dummy seal pattern wherein the dummy seal pattern is

formed to protect the main seal pattern and to prevent liquid crystal material from leaking.
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Upon sélectively dispensing sealaﬁt material along the periphery of the first substrate 10,
a seal pattern is formed along the periphery of the first substrate 10. Using the
aforementioned related art dispensing method, the amount of sealant material used may be
decreased compared to the aforementioned related art screen printing mefhod since sealant
material is selectively dispensed along the periphery of the first subgtrate 10. Further, the
syringe apparatus 34 does not contact the first substrate 10 such that damage to the
alignment layer is substantially avoided and the picture quality of the LCD device is
improved.

[0027] Use of the aforementioned related art dispensing method of forming the
seal pattern becomes problematic, however, when the size of the first substrate increases,
or when a size of a picture display area of the LCD panel changes (é. g., upon a model
change of the liquid crystal display panel). In light of recent demand for liquid crystal
display panels having increased size, the size of the first substrate has also increased:
Accordingly, positions where seal patterns are formed on the substrate must change. In
the aforementioned related art dispensing method, if the positions whqre the seal pattern is
formed on the substrate changes, the syringe apparatus must be disassembled and
reassembled. As the size of liquid crystal display panels increase, the amount of time
required to dispense a seal pattern having an increased size also increases. Accordingly,

the tact time increases and the device yield of the dispensing method decreases.



15

20

PATENT
8733.845.00

'SUMMARY OF THE INVENTION

[0028] Accordingly, the present invention is directed to a method of forming a
seal pattern for an LCD device that substantially obviates one or more problems due to
limitations and disadvantages of the related art.

[0029] An advantage of the present invention provides a method of forming a seal
pattern for an LCD device, wherein a division mask may be used to improve the
efficiency with which the séal pattern is formcd; thereby decreasing manufacturing time
and 'improving efficiency with which LCD panels are formed within large-sized base
substrates. |

[0030] Additional features and advantages of the invention will be set fbrth in the
description which fdllows, and in part will be apparent from the description, or may be
learned by practice of the invention. These and other advantages of the invention will be
realized and attained by the structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

[0031] To achieve these and other advantages and in accordance with the purpose
of the invention, as embodied and broadly described herein, a method of forming a seal
pattern for a liquid crystal display device may, for example, include preparing a base
substrate within which a plurality of liquid crystal display panels may be disposed;
arranging a mask having an opening over a portion of the base substrate in a region
corresponding to at least one liquid crystal display panel; forming a seal pattern
corresponding to the liquid crystal display panel via the opening within the mask; and re-

arranging the mask over another portion of the base substrate in a region corresponding to
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another liquid crystal display panel; and forming a seal pattern corresponding to the
another liquid crystal display panell. |

[0032] In another aspect of the present invention, a method of forming a seal
pattern for a liquid crystal display device may, for example, include preparing a base
substrate within which a first liquid crystal display panel having a first size and at least
one second liquid crystal display panel having a second size, different from the first size,
may be'disposed; arranging a first mask having an opening over a portion of the base
substrate corresponding to the first liquid crystal display panel; forming a first seal pattern

corresponding to the first liquid crystal display panel via the opening within the first

mask; arranging a second mask having an opening over a portion of the base substrate

corresponding to the second liquid crystal display panel; and forming a second seal -
pattern conésponding to the second LCD panel via tile opening within the second mask.
[0033] In still another aspect of the present invention, a method of forming a seal
pattern for a liquid crystal display device may, for example, include preparing ba base
substrate having first and second regions, wherein the first and second regions include a
plurality of first liquid crystal display panels having a first size and a plurality of second
liquid crystal display panels having a second size, different from the first size,
respectively; arranging a first mask having openings over the first region of the base
substrate including the plurality of first liquid crystal display panels; forming a plurality of
first seal patterns corresponding to the plurality of liquid crystal display panels within the
first region via the openings within the first mask; arranging a second mask having
openings over the second region of the base substrate including the plurality of ‘second

liquid crystal display panels; and forming a plurality of second seal patterns
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correspon’ding to the plurality of second liquid crystal display panels within‘ the second
region \via the openings. within the second mask.

[0034] 1t is to be understood that both the foregoing general description and the
following detailed description of the present invention are exemplary and explanatory and

are intended to provide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings; which are included fo provide a further
understanding of the invention and are incorporated in and cons_titute a part of this
application, illustrate embodiment(s) of the invention and together with the description
serve to explain the principle of the invention.

[0036] In the drawings:

[0037] Figure 1 illustrates a plan view illustrating a related art LCD device;

[0038] Figure 2A illustrates a method of forming a seal pattern according to a
écreen printing method;

[0039] Figure 2B illustratgs a method of fomﬁng a seal pattern according to a
dispensing method; | 7

[0040] Figurés 3A to 3E illustrate a method of forming a seal pattern for an LCD
device in accordance with a first aspect of the present invention,;

[0041] Figure 4 illustrates a method of forming a seal pattern for an LCD device
in accordance with a second aspect of the present invention;

[0042] Figure 5 illustrates a method of forming a seal pattern for an LCD device

in accordance with a third aspect of the present invention;
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[0043] Figure 6A illustrates a first screen mask used in the formation of the first

LCD panel shown in Figure 4;

[0044] Figure 6B illustrates a second screen mask used in the formation of the

~second LCD panel shown in Figure 4;

[0045] Figure 7A illustrates a first screen mask used in the formation of the
plurality of first LCD panels shbwn in Figure 5; |

[0046) Figure 7B illustrates a second screen mask used in the formation of the
plurality of second LCD panels shown in Figure 5; and

[0047] Figures 8A to 8D illustrate a method of forming an LCD device aécording

to a dispensing method of the present invention.

DETAILED DESCRIPTION OF THE ILLUSTRATED EM\BODIM_ENTS

[0048] Reference will now be made in detail to the exemplary embodiments of the
present invention, examples of which are illustrated in the accompanying drawings.
Wherever possible, the same reference nuinbers will be used throughout the drawings to
refer to the same or like parts.

[0049] Figures 3 A to 3E illustrate a method of forming a seal pattern for an LCD
device in accordance with a first aspect of the present invention.

[0050] Referring to Figure 3A, a plurality of LCD panels 41 may be arranged
within a base substrate 40 at a fixed interval wherein a plurality of alignment marks 42
may be formed on the base substrate 40. In one aspect of the present invention, at least
two alignment marks 42 may be formed at corners of each LCD panel 41. In another

i

aspect of the present invention, four alignment marks 42 may be formed at comers of each
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LCD panel 41. According to the principles of the present invention, the alignment marks

42 may be formed in substantially any shape (e.g., +-shape, X-shape, rectangular shape,

- circular shape, etc.).

[0051] In one aspect of the present inventioﬁ, the base substrate 40 may be
prepared as a TFT array substrate supporting a plurality of gate lines and a plurality of
data lines crossing the gate lines, wherein pixel regions are defined by the crossings of the
gate and data lines. Thin film transistors may be formed at crossings of the gate and data
lines, wherein each thin film transistor rﬁay, for example, include a gate clectrode, a gate
insulating layer, a semiconductor layer, an ohmic contact layer, source and drain
electrodes, and a passivation layer. Pixel electrodes may be formed within respective
ones of the pixel regions, connected to respective ones of the thin film transistors, and be
arranged in a matrix pattern. In one aspect of the present invention, an alignment layer
may be formed on the pixel electrodes to impart an initial alignment direction to
molecules within subsequently dispensed liquid crystal material. Accordingly, the
alignment layer may be formed of a polyamide or polyimide group compound material,
polyvinylalcohol (PVAj, polyamic acid, and the like. In another aspect of the present
invention, the alignment direction of the alignment layer may provided via a rubbing
process. In one aspect of the present invention, the alignment layer may be formed of any
material having a photoreactive group including, for example, polyvinylcinnamate
(PVCN), polysiloxanecinnamate (PSCN), cellulosecinnamate (CelCN), and the like. In
another aspect of the present invention, the alignment direction of the alignment layer

may provided via a light exposure process.
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[0052] In another aspect of the present invention, the base substrate 40 may be
prepared as a color filter substrate supporting a black matrix layer, an R/G/B color filter
layer, and a common electrode. The black matrix layer may substantially prevent light
from leaking to the gate lines, the data lines and the TFTs. The R/G/B color filter layer
r\nay be formed on the black matrix layer and the common electrode may be formed on the

color filter layer. In one aspect of the present invention, an overcoat layer may be formed

~ between the color filter layer and the common electrode. In another aspect of the present

invention, the aforementioned alignment layer may also be formed on the common
electrode.

[0053] In still another aspect of the present invention, silver (Ag) paste may be
formed at the periphery of the base substrate 40 prepared as the TFT array substrate to.
facilitate the application of a voltage to the common electrode of a bonded second
substrate 30. In one aspect of the present invention, the first and second substrates 20 and
30, respectively, may form an In-Plane Switching (IPS) mode LCD device. Therefore,
both the common electrode and the pixel electrodes may be formed on the base substrate
40 to induce an in-plane electric field and foﬁnation of the silver (Ag) paste may not be
necessary. ‘

[0054] Referring to Figure 3B, a division screen mask 44 (shown in greater detail
in Figure 3C) having an opening 43 may be arranged on the base substrate 40. In one
aspect of the present invention, the alignment mark 42 may be used to arrange the division
screen mask 44 over the base substrate 40 in a predetermined manner to align the opening

43 with at least one LCD panel 41.
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[0055] Referring to Figure 3D, sealant material may be disposed onto a
predetermined portion of the division screen mask 44, and a squeegee 45 may be used to
roll the disposed sealant material over the screen mask 44 along the arrow direction and
into the opening 43 to print a sealrpat’tem'46 on the LCD panel 41, as shown in Figure 3E.

[0056] In accordance with a first aspect of the present invention, six LCD panels
41 having substantially the same size may be formed on the same base substrate 40.

Accordingly, the aforementioned process of disposing sealant material onto a properly

_aligned division screen mask 44 may be repetitively performed to sequentially print

multiple seal patterns 46 onto the plurality of LCD panels 41.

[00571 Although not shown in the drawings, after printing the seal patterns 46, the
base substrate 40 may be bonded to another substrate. Subsequently, bonded substrates
may be trradiated with UV light to hafdening the ;eal pattemé 46.

[0058] Figure 4 illustrates a method of forming a seal pattern for an LCD device
in accordance with a second aspect of the preseﬁt invention.

[0059] Referring to Figure 4, a first LCD ﬁanel 41a having a first size and at least
one second LCD panel 41b having a second size, different from the first size, may be
arranged within the same base substrate 40. Accordingly, first and second screen masks
44a ;md 44b, respectively, having sizes corresponding to the first and second sizes,
respectively, may be provided to form the seal patterns of the first and second LCD panels
41a and 41D, respectively.

[0060] Accordingly, the first screen mask 44a may be arranged over the_ region of

the base substrate 40 corresponding to the first LCD panel 41a, sealant material may be

disposed over a predetermined portion of the first screen mask 44a, and a squeegee may

16



10

15

20

PATENT
8733.845.00

be used to roll the disposed sealant material over the first screen mask 44a along one
difection and into an opening formed thefein to print a first seal pattern 46a on the first
LCD panel 41a.. Further, the second screen mask 44b may be provided as a division
screen mask and arranged over the region of the base substrate 40 corresponding to a
second LCD panel 4ib, sealant material may be diéposed over a predetermined portion of
the second division scfeen mask, and a squeegee may be used to roll the disposed sealant

material over the second division screen mask 44b along one direction and into an

-opening formed therein to print a second seal pattern 46b on the second LCD panel 41b.

[0061] In accordance with the principles of the present invention, the at least one
second LCD panel 41b may include more than one second LCD panel 41b formed within
the base substrate 40. Accofdingly the aforementioned process of disposing sealant’
material ohto a properly aligned second screen mask 44b may be repetitively performed to

sequentially print multiple second seal patterns 46b onto corresponding ones of the second

LCD pariels 41b.
\ ,
[0062] Figure 5 illustrates a method of forming a seal patfern for an LCD device
in accordance with a third aspect of the present invention.
[0063] Referring to Figure 5, a plurélity of first LCD panels 41a having a first size

and at least one second LCD panel 41b having a second size, different from the first size,

may be formed within the same base substrate 40. In one aspect of the present invention,

the first and second LLCD panels 41a and 41b may be repetitively formed within the same

base substrate 40. Accordingly, first and second screen masks 44a and 44b, respectively,

having sizes corresponding to the first and second sizes of the plurality of first and second
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LCD panels 41a and 41b, respcctively, may be provided to form the seal patterns of the

plurality of first and second LCD panels 41a and 41b, respectively.

[0064] Accordingly, the first screen mask 44a may be arranged over the region of
the base substrate 40 corresponding to the plurality of the first LCD panels 41a, sealant
material may be disposed over a predetermined portion of the first screen mask 44a, and a
squeegee may be used to roll the disposed sealant material over the first screen mask 44a
and into openings formed therein to substantially simultaneously print a plurality of first
seal patterns 46a onto correspondiné ones of the plurality of ﬁrst' LCD panels 41a.
Further, the second screen mask 44b may be arranged over the region of the base substrate
40 corresponding to the plurality of the second LCD panels 41b, sealant material may be
disposed over a predetermined portion of the second screen mask 44b, and a squeegee
may be used to roll the disposed sealant material over the second screen mask 44b and
into openings formed therein to substantially simultaneously print a plurality of second
seal patterns 46b onto corresponding ones of the plurality of second LCD panels 41b.

[0065] Figure 6A illustrates a first screen mask used in the formation of the. first

" LCD panel shown in Figure 4 while Figure 6B illustrates a second screen mask used in

the formation of the second LC]? panel shown in Figure 4. -

[0066] Referring to Figures 6A and 6B, the sizes of the first and second screen
masks 44a and 44b, respectively, substantially correspond to the first and second sizes of
the first and second LCD panels, respectively. In one aspect of the present invention,
each of the first and second screen masks 44a and 44b may include an opening 43,

wherein the sizes of the opening 43 within the first and second screen masks 44a and 44b
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correspond substantially to the size of the first and second seai patterns 46a and 46b,
respectively. -

[6067] Figure 7A illustrates a first screen mask used in the formation of the
plurality of first LCD paﬁels shown in Figure 5 while Figﬁre 7B illustrates a sccond
screen mask used in the formation of the plurality of second LCD panels shown in Figure
5.

[0068] Referring to Figutes 7A and 7B, the first screen mask 44a may inélude a
plurality of openings 43 (e.g., two) arranged to substantially correspond to the plurality of

first LCD panels 41a (e.g., two) disposed within the base substrate 40. Further, the

-second screen mask 44b may include a plurality of openings 43 (e.g., three) arranged to -

substantially correspond to the plurality of second LCD panels 41b (e.g., three) disposed

within the base substrate 40.

[0069] Figures 8A to 8D illustrate a method of forming an LCD device according
toa diépensing method of the present invention.

[0070] Referring to Figure 8A, lower and upper substrates 1 and 3 may be:
prepared. In one aspect of the present invention, the lower substrate 1 may be prepared as
a TFT array substrate supporting a plurality.of gate lines and a plurality of data lines
crossing the gate lines, wherein pixel regi(;ns are defined by the crossings of the gate and
data lines. Thin film transistors may be formed at crossings of the gate and data lines and
pixel electrodes may be formed within respective ones of the pixel regions, connected to
respective ones of the thin film transistors, and arranged in a matrix pattern.

[0071] In another aspect of the present invention, the upper substrate 3 may be

prepared as a color filter substrate supporting a black matrix layer, an R/G/B color filter
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layer, and a common eclectrode. The bléck matrix layer may substantially prevent light
from leaking fo the gate lines, the data lines and the TFTs. The R/G/B color filter layer
may be formed on the black matrix layer and the common electrode may be formed on the
color filter layer.

[0072] In yet another aspect of the present invention, an alignment layer may be
formed on at least one of the lower and upper substrates 1 and 3 to impart an initial
alignment direction to molecules within subsequently dispensed liquid crystal material. .

[0073] Referring to Figure 8B, a seal pattern 7 may be formed on the upper
subétrate 3 according to a screen printing method incorporating a division screen mask. A
layer of liquid crystal material may be formed on the lower substrate 1 according to a
selective dispensing method, wherein liquid crystal material 5 is selectively dispensed
directly onto a substrate. In one aspect of the present inveﬁtion, the seal pattern 7 and tﬁe
layer of liqui(vi. crystal material 5 may be formed on the same substrate (e.g., the lower or
upper substrate 1 or 3).

[0074] Refeﬁng to Figure 8C, the lower and upper substrates 1 and 3 may be
bonded to each other. As mentioned above, the layer of liquid crystal material may be

provided according to a selective dispensing method. Accordingly, the seal pattern 7 may

. be provided as a closed shape and the lower and upper substrates 1 and 3 may be bonded

to each other aﬁef selectively dispensing the liquid crystal material 5. Further, in
accordance with the principles of the present invention, the seal pattern 7 may be formed
of a sealant material that hardens upon exposure to light (e.g., UV light).

[0075] In another aspect of the present invention, however, the layer of liquid

crystal material may be provided between the lower and upper substrate 1 and 3 according
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to a vacuum injection method. Accordingly, the seal pattern 7 may be provided with a
liquid crystal injection inlet and the lower and upper substrates 1 and 3 may be bonded to .
cach other followed by vacuum injection of liquid ’crystal material between ’the lower and
upper substrates 1 and 3.

[0076} Referring to Figure 8D, the seal pattern 7 may be hardened by irradiating
the seal pattern 7 with UV light via UV irradiation unit 9. In one aspect of the present
invention, tﬁe seal pattern may be formed of a material that hardens upon exposure to
light (e.g., uv light) and heat. Accordingly, a heat treatment may be performed on the
seal pattern 7 by heating a UV irradiated seal pattern 7 to a temperature of about 120° for
about one hour.

[0077] The method of forming the seal pattern in accordance with the principles of
the present invention is advantageous because thé seal pattern may be printed onto regions -

of a base substrate corresponding to LCD panels by applying a division screen mask to a

‘multi-printing method. Accordingly, a tact time may be decreased and the efficiency with

which LCD panels are formed within a base substrate (¢.g., a large-sized substrate) may

~ beincreased. Further, the principles of the present invention may be applied to form

different sized LCD panels within the same base substrate; thereby improving the
efficiency with which the base substrate is used.
[0078] It will be apparent to those skilled in the art that various modifications and

variations can be made in the present invention without departing from the spirit or scope

_of the invention. For example, while it has been shown that the a plurality of second LCD

panels may be formed within the same base substrate as the first LCD panel, the

principles of the present invention may be extended to provide a single second LCD panel
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within the same base substrate as the first LCD panel. Further, use of the first mask
shown in Figure 6A may be repeated a predetermined number of times, as use of the
second mask shown in Figure 6B was répeated (see, for example, Figure 4). Still further,
while it has been shown in Figufe 5 that the first and second masks illustrated in Figures
7A and 7B were used onc-e, it will be appreciated that use of the masks illustrated in
Figures 7A and 7B may be repeated a predetermined number of times even with respect to
LCD panels within the same base substrate. Still further, while it has been shown that the
first and second masks illustrated in Figures 6A-6B and 7A-7B were used together, it will
readily be appreciated that masks illustrated in any of Figures 6A-7B may be used

together, and any number of times, with respect to LCD panels within the same base

- substrate. Thus, it is intended that the present invention covers the modifications and

variations of this invention provided they come within the scope of the appended claims

and their equivalents.
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